Ethanol extracts of Morinda lucida and Datura stramonium leaves were partitioned successively into petroleum ether, chloroform, ethyl acetate and methanol fractions. Each fraction was tested as wood preservative in-vivo at three different concentrations: 0.5%, 1.0% and 1.5%w/v. Basudin ® , an organophosphate was used as standard. The extracts were applied on Triplochiton schleroxylon, a highly susceptible wood to termite infestation. The treated wood samples were exposed to termites for a period of twelve weeks. Observation was carried out weekly for signs of termite infestation. Weight loss in wood samples that were treated with fractions of D. stramonium leaf extract ranged from 8.20% -13.50% in petroleum ether fraction, 9.35%-19.99% in chloroform fraction, 6.15% and 10.89% in ethyl acetate fraction and 10.81%-20.27% in methanol fraction. Petroleum ether, chloroform, ethyl acetate and methanol soluble fractions of M. lucida gave a weight loss range of 5.25%-9.50%, 6.28%-11.50%, 4.89%-6.70% and 8.50%-20.27% respectively. Ethyl acetate soluble fraction of the two plants appeared to be more potent in suppressing wood damage. Ethyl acetate soluble fraction of M. lucida was the most effective in damage reduction. Methanol fraction was the least effective with the highest recorded weight loss at all the treatment levels. The weight loss recorded at all treatment levels with fractions of M. lucida was lower compared to the result obtained in treatment with D. stramonium leaf fractions. The phytochemical screening, 1 H NMR and 13 C NMR suggest anthraquinone and scopoletin as the major components of ethyl acetate soluble fraction of M. lucida. This study reveals that the two plants have components that are potential wood preservatives.
Introduction
Plant-eating insects are a natural part of all ecosystems, but in farms, insects can be problematic. Over a thousand or more species in more than 370 genera and 90 families or more are pests of economically important crops (Culliney & Grace, 2003) . Belonging to these group of notorious insects are termites. Termites are small insects, found chiefly in the tropical areas, which are very destructive to timber (Harris, 1971) . They are popularly called white ant, but they are not of the ant family (Harris, 1971; Umeh, 2000) .
Termites are known to be of economic importance in the tropics. They mix soil matter and thereby increase their fertility (Umeh, 2003) . However the affinity of termites for cellulose materials makes them deleterious to many plant species including timber, agricultural products and buildings in West Africa (Umeh, 2000) and the world at large.
One major agent causing the loss of wood both quantitatively and qualitatively is termite. In the United States alone, annual losses due to termite infestations are estimated at more than 800 million dollars (Meyer, 2005) . The damage done by this group of social insects is overwhelming. Lewis (1997) puts his estimates at over 3 billion dollars in damage to wooden structures annually throughout the United States alone. Termite is one of the most economically important insects to humans and therefore need to be controlled. The control of termites is mainly by the use of synthetic chemicals. The attendant problems associated with the use of these chemicals such as high level of persistence in the environment, destruction of non-target organisms, non-availability, high cost, toxicity to personnel, level of education of the users is of great concern. Most of these chemicals are banned especially the organochlorines. As a result of this, research focus is on cheap, available, eco-friendly, host specific and cost effective means of controlling pests in the environment. Research efforts are currently on the use of plant products, such as powder, extracts and oils against insect pest (Adedire & Ajayi, 1996 (Benner, 1993; Delate & Grace, 1995; Malaka, 1996; Oliver, 1960) . Nicotine, pyrethrum and rotenone contain alkaloids that are toxic to termite (Ifebueme, 1977) . This study seeks to evaluate D. stramonium and M. lucida plant extracts for suppression of wood damage by subterranean termites.
Materials and Methods

Collection and Preparation of Plant Materials
Plant materials, Morinda lucida and Datura stramonium leaves were obtained from villages near Akure in Ondo state, Nigeria. The leaves of these plants were air-dried in the laboratory at ambient tropical conditions and pulverized into fine powder using Kenwood electric blender and sieved with a 10-micron mesh size sieve (Adedire & Ajayi, 1996) . The fine powders were kept in dark airtight container in the freezer until used.
Triplochiton scleroxylon (Obeche) the wood substrate used in this study was obtained from Ibitoye saw-mill along Akure -Ilesha road, Akure, Ondo state, Nigeria. The wood was cut into 20 x 20 x 60mm size and oven dried at 100 o C to a constant weight (W 1 ) (ASTM, 1974) . This was kept in desiccators containing silica gel until used.
Preparation of Plant Extracts
Ethanolic extract of the plant materials were obtained by soaking the dried pulverized plant materials in absolute ethanol for 72 hrs. The solution was filtered and the filtrate was concentrated in rotary evaporator. The slurry obtained was freeze-dried. The freeze-dried sample was partially purified into Petroleum ether, Chloroform, Ethyl acetate and Methanol fractions by adding these solvent successively using separating funnel (Harborne, 1984) . The respective solvent fractions were concentrated in rotary evaporator and freeze-dried. The dried powder obtained were kept in brown bottles and kept in freezer until required.
In Vivo Trial
Each solvent fraction obtained was tested at 0.5%, 1.0% and 1.5% w/v using the respective solvent as the diluents. The solution was applied on the weighed (initial weight W 1 ) wood samples by brushing. Standard control using diazinon (Basudin ® ), untreated and solvent controls were set up. Diazinon solution was prepared according to the manufacturers' specification. Untreated samples were also suspended from the ground to account for the weight loss due to environmental factors. All treatments were replicated four times. Each of the treated wood samples was positioned 30cm apart on the field for a period of twelve weeks. Observation was carried out on weekly bases for signs of infestation. At the expiration of the period of trial, the remains of the wood samples were cleaned, re-dried to constant weight (final weight W 2 ) to obtain weight difference from initial weight. The percentage difference (% weight loss) between the initial and final weight was used as index of susceptibility or protectant-ability of the extracts as follows:
.4 Phytochemical Screening of Ethanol Extract and Solvent Partitioned Fractions of M. lucida
The ethanolic extract and solvent partitioned fractions (petroleum ether, chloroform, ethyl acetate and methanol soluble fractions of ethanol extract of the leaf) of M. lucida was screened for the presence of alkaloids, saponins, tannins, anthraquinones, cardiac glycosides and flavonoids according to the methods described by Sofowora (1993).
Chromatographic Separation of Ethyl Acetate Soluble of M. lucida
The ethyl acetate fraction was fractionated by Accelerated Gradient Chromatography (AGC) on silica gel employing n-hexane-dichloromethane and dichloromethane-ethyl acetate gradient elution from 100% n-hexane to 100% dichloromethane (DCM) to 1:1 DCM: EtOAc. Collected fractions were developed on precoated TLC plate.
Vanillin/concentrated Sulphuric acid reagent (V/S spray) was used as chemical spray reagent. Fractions which showed similar TLC characteristics were bulked appropriately and concentrated in vacuo at 40 o C. The concentrated fractions were further purified using Vacuum Liquid Chromatograghy (VLC) and subjected to Nuclear Magnetic Resonance and Infra Red spectroscopy for characterization of the chemical components.
Results
Effect of Partially Purified Fractions of D. stramonium and M. lucida on Wood Infestation by Termites
The results of in-vivo evaluation of bioactivity of partially purified fractions of D. stramonium and M. lucida as wood protectants are shown in Tables 1 and 2 . Weight reduction in wood samples that were treated with purified fractions of D. stramonium leaves ranged between 8.20% and 13.50% in wood treated with petroleum ether soluble fraction, 9.35% and 19.99% in wood treated with chloroform soluble fraction, 6.15% and 10.89% in wood treated with ethyl acetate soluble fraction and between 10.81% and 20.27% in wood treated with methanol soluble fraction. Petroleum ether, chloroform, ethyl acetate and methanol soluble fractions of M. lucida gave a weight loss range of 5.25%-9.50%, 6.28%-11.50%, 4.89%-6.70% and 8.50%-20.27% respectively. Petroleum ether, chloroform, ethyl acetate and methanol soluble fractions of the leaf extract of M. lucida resulted in 5.25%, 6.28%, 4.89% and 8.25% weight loss respectively while Petroleum ether, chloroform, ethyl acetate and methanol soluble fractions of the leaf extracts of D. stramonuim resulted in 8.20%, 9.35%, 6.15% and 10.81% weight loss respectively at the highest treatment level (1.5%) applied. Ethyl acetate soluble fraction of the two plants appeared to be more potent as the percentage weight loss recorded in wood treated with it was significantly (P<0.05) lower compared to other soluble fractions. Next to ethyl acetate in wood damage reduction is petroleum ether soluble fraction. Methanol fraction was the least effective with the highest recorded weight loss at all the treatment levels. The weight loss recorded at all treatment levels with fractions of M. lucida was lower compared to the result obtained in treatment with D. stramonium leaf fractions.
Phytochemical Constituents of Ethanol Extract of M. lucida
The results of the screening for secondary metabolites are presented in Table 3 . M. lucida contains alkaloids, saponins, tannins, cardiac glycoside and flavonoids. All the metabolites found in the ethanol extract were also found in ethyl acetate soluble fraction.
The infrared, 1 H NMR and 13 C NMR spectra of fraction of ethyl acetate soluble suggest strongly that it contains scopoletin and anthraquinones derivatives. The infrared spectrum revealed the presence of aromatic C-H stretches. Carbonyl frequencies at 1650 cm -1 and 1710 cm -1 which are characteristics of anthraquinones were also observed.
Discussion
The different soluble fractions of M. lucida and D. stramonium were effective as antifeedants against termites. The lowest weight loss was recorded in the woods treated with these soluble fractions compared to untreated and solvent treated samples. The effectiveness is concentration dependent with ethyl acetate soluble fractions being the most effective fractions of the two plants' leaf extracts.
Plants produce some natural products that are either toxic to animals or useful as therapeutic agents. Some of these products are synthesized by the plants while some are products of metabolism. These compounds include tannins, saponins, anthraquinones, alkaloids, flavonoids, cardiac glycosides and phlobatannins. These compounds are responsible for the toxicity of plant materials to insects. M. lucida was reported to contain alkaloids, tannins, flavonoids, anthraquinones and saponins (Nweze et al., 2004; Akinyemi et al., 2005) . The phytochemical screening in this study confirms this. The effectiveness of the plant could be attributed to the combined activities of its components such as tannins, alkaloids, flavonoids, anthraquinones and glycosides.
Ethyl acetate soluble fraction of M. lucida crude extract was the most effective of the extracts resulting in the lowest weight loss of the treated wood samples. Ethyl acetate is known for extraction of flavonoids (Harbone, 1984) . Flavonoids exhibit a wide range of biological properties including antimicrobial, insecticidal and oestrogenic activities. Important phenolics in terms of insecticidal, repellent and feeding deterrent functions are flavonoids which are characteristics of higher plants (Dakora, 1995; El-Fadaly and El-Badrawy, 2001; Stephen et al., 2003; Upasani et al., 2003; Jung et al., 2005; Marcio, 2007; Georges et al., 2008 ). An insecticidal isoflavon glycoside isolated from roots of Maackia ammurensis was reported to have insecticidal activities against brown planthopper female adults by Hasik et al. (1991) . El-Fadaly and El-Badrawy (2001) reported flavonoids obtained from honey bees propolis, a sticky amalgamation of plant resins collected by Apis mellifera to have antimicrobial, insecticidal and phytotoxic properties. Excellent insecticidal activities of flavonoids obtained from aqueous leaf extract of Ricinus communis against Callosobruchus chinensis was reported by Upasani et al. (2003) . Flavonoids isolated from aqueous foliar extract of Annona squamosa was reported to have 80% insecticidal activity against C. chinensis (Kotkar et al., 2002) . Stephen et al. (2003) reported toxicity and repellency/feeding deterrence of leaves of the tropical legume, Tephrosia candida to diaprepes root weevil, Diaprepes abbreviatus. D. stramonium, like Atropa belladonna and Mandrake belonging to the same family called Solanaceae are known to be toxic due to alkaloid contents (Dutta, 1995) . All parts of D. stramonium commonly known as Devil's trumpet or thorn apple had been reported to contain toxic materials due to high level of alkaloids. The primary alkaloids are the atropines, scopolamine and daturine (Dutta, 1980) . The effectiveness of these plants can be attributed to the toxic components in them.
This study revealed scopoletin and anthraquinone as the major constituents of the most potent plant extracts used. Scopoletin, umbelliferone and esculetin are the widespread coumarins in nature. Coumarin (anhydride of o-coumaric acid) is white, crystalline lactone, obtainable naturally from plants or produced synthetically from an amino acid, phenylalanine. It inhibits the hepatic synthesis of the vitamin K-dependent coagulation factors. Coumarin derivatives are used widely as anticoagulants (warfarin) for the treatment of disorders in which there is excessive or undesirable clotting, such as thrombophlebitis, pulmonary embolism, and certain cardiac conditions. Coumarin has blood thinning activities. It increases the blood flow in veins and decreases capillary permeability. Coumarin derivatives are used as rodenticides due to the property of causing fatal hemorrhaging (Obasi, 1994) .
The plants used in this study are readily available in the environment and are biodegradable; hence, they are potential sources of biocontrol agents for suppression of wood damage by subterranean termites. 
